1 . Isolated hind limbs of rats were perfused and vascular smooth muscle sensitivity to noradrenaline, methoxamine and potassium chloride was measured and dose-response curves were obtained.
Introduction
Structural changes in the wall of resistance vessels have been demonstrated to play an important role in the maintenance of high blood pressure (Folkow, 1970) . The present study was undertaken to investigate whether changes in the sensitivity of vascular smooth muscle may occur in the early phase of hypertension, which could be regarded as a trigger mechanism in the development of high blood pressure. 
Methods
Isolated hindlimb perfusion was performed after various experimental pretreatments. 1. Different salt intake for a period of 7 days in male SpragueDawley rats (180-200 g body weight): (a) low sodium diet 1 mmol/kg (n = 10); (b) normal sodium diet 100 mmol/kg (n = 10); (c) high sodium diet 1700 mmollkg (n = 10). 2. Six days before the perfusion experiment male Wistar rats (200 g body weight) were subjected to (a) adrenalectomy ( n = 56), (b) administration of corticosterone, 40 mg day-' kg-' (n = 36), (c) administration of deoxycorticosterone, 10 mg day-' kg-I (n = 20). 3. Control rats ( n = 36). 4. Adrenalectomized rats, received corticosterone on the last day before the perfusion experiment (n = 8). Details of each group are shown in Table 1 .
Hindlimb preparations were perfused with constant flow (10 ml min-' 100 g-' tissue weight) of an oxygenated Tyrode solution containing 2% of an artificial colloid (Ficoll) at constant temperature (37°C) and pH 7.4 (Folkow, 1970) . Hindlimb preparations of the different experimental groups were perfused simultaneously, providing identical concentrations of the vasoactive agents. Cumulative dose-response curves were obtained, starting from maximal vasodilatation. Perfusion pressure was measured via a T-tube and was used as an equivalent of flow resistance. Dose-response curves obtained were characterized by: EDso (dose for half-maximal effect), slope at EDs0 (change of perfusion pressure after a twofold increase of dose), pressure at maximal dilatation and pressure at maximal contraction. An analysis of variance was used to reveal differences between the experimental groups.
Results
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blood pressure of all experimental groups was in the normotensive range (100-120 mmHg). The data of the perfusion experiments are presented in Table 1 .
1. A parallel shift of the dose-responsecurve to the right occurred in rats pretreated with a low sodium diet. High sodium diet did not result in a significant change of the dose-response curve. A highly significant correlation was found between individual plasma sodium concentrations and the corresponding values of the EDso ( r = 0.69; P<O.OOl).
11. Pre-treatment with corticosterone resulted in an increased sensitivity to noradrenaline and a flattened slope of the dose-response curve. Adrenalectomy resulted in a decreased sensitivity and an increased slope. Pretreatment with deoxycorticosterone had no effect.
111. Treatment of adrenalectomized rats with corticosterone for 24 h shifted the dose-response curve to the left (factor 2.24) and flattened the slope. Addition of corticosterone (0.01 mg/l and 0.1 mg/l) to the perfusion medium during a period of 20 min did not change the pressor response to noradrenaline (10-5*75 mol/l) of control rats and adrenalectomized rats.
IV. Additionof c o~a i n e ( l O -~'~ mol/l) resulted in a shift of all dose-response curves to the left (factor 5-10). The differences in the ED,, between the experimental groups remained constant.
V. Methoxamine had a lower intrinsicactivity than noradrenaline, resulting in a shift of the doseresponse curves to the right. The difference in the EDso between control rats and corticosteronepretreated animals was in the same range as with noradrenaline. The difference between the doseresponse curve of adrenalectomized rats and control rats disappeared. There were no differences in slopes.
VI. Replacement of sodium by potassium in the perfusate resulted in identical dose-response curves in all experimental groups.
Discussion
The sensitivity of vascular smooth muscle to noradrenaline is increased after pretreatment with cor- ticosterone, but is attenuated after low sodium diet and adrenalectomy, whereas deoxycorticosterone and high sodium diet have no effect.
Changes in wall/lumen ratio of the resistance vessels cannot be responsible for such differences, since there are no differences in maximal pressure response and in pressure at maximal dilatation between the experimental groups. Moreover, shifts of the ED,,, to the left are not associated with an increase in slopes as would be expected after media hyperplasia with an increased wall/lumen ratio (Folkow, 1970) . Thus it may be concluded that pretreatment with corticosterone enhances the sensitivity of vascular smooth muscle in the absence of structural changes in the vessel wall.
Changes in the sensitivity to noradrenaline after various steroids have been described for the nictitating membrane of the cat (Graefe & Trendelenburg, 1974) , for the aortic strip of the rabbit (Kalsner, 1969) and for the anococcygeus muscle of the rat (Gibsol & Pollock, 1973) . The increased sensitivity observed in all models was either explained by changes in the extraneuronal uptake or metabolism of noradrenaline (Graefe & Trendelenburg, 1974; Kalsner, 1969) or by an unspecific supersensitivity of the muscle cell (Gibson & Pollock, 1973) .
The mechanism by which corticosterone increased sensitivity of the vascular smooth muscle to noradrenaline in the isolated perfused hind limb of the rat was investigated by means of potassium chlorideinduced vasoconstriction, methoxamine and additional administration of cocaine.
Potassium chloride induces contraction by depolarization of the membrane, thereby stimulating the Ca2+ influx. Since no differences between the experimental groups were found under these conditions, changes observed in the sensitivity of vascular smooth muscle to noradrenaline cannot be related to alterations of the contractile protein or its interaction with calcium.
Cocaine blocks the neuronal uptake of noradrenaline, with a subsequently increased effective concentration of noradrenaline at the receptor site (Trendelenburg, 1972) . In our experiments the differences between the experimental groups remained constant after blockade of the neuronal uptake of noradrenaline. This indicated that the increased sensitivity after pretreatment with corticosterone cannot be ascribed to a lowered capacity of the neuronal uptake of noradrenaline.
Methoxamine is an a-receptor stimulator, which is not taken up by the nerveendings nor is it metabolized by catechol-0-methyltransferase in the smooth muscle cells (Trendelenburg, Maxwell & Pluchino, 1969; Kalsner, 1975) . Results with this compound reinforced and extended the findings obtained with cocaine. Since the difference between the corticosterone-pretreated group and the control group remained similar in degree, neither changes in neuronal uptake nor extraneuronal metabolism can be responsible for the supersensitivity after corticosterone. Changes in the affinity or number of the receptors or changes in the functional link between receptor and contractile protein are possible mechanisms that may contribute to the changes in vascular smooth muscle sensitivity under these experimental conditions.
The increased vascular smooth muscle sensitivity to noradrenaline could represent a trigger mechanism in the early phases of hypertension and favour the development of high blood pressure, which then in turn could alter the structure of the resistance vessels.
